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Description 

TURBOMACHINE HAVING AN AX I ALLY DISPLACEABLE ROTOR 

5 The invention relates to a turbomachine , in particular an 
axial -flow compressor for a gas turbine, according to the 
preamble of claim 1. 

Gas turbines coupled to generators are used for converting 
10 fossil energy into electrical energy. To this end, a gas 
turbine has a compressor, a combustion chamber and a turbine 
unit along its rotor shaft. During operation of the gas 
turbine, the compressor draws in ambient air and compresses it. 
The compressed air is then mixed with a fuel and fed to the 
15 combustion chamber. There, the gas burns to form a hot working 
medium and then flows into the turbine unit, in which blades 
are provided. In the process, the guide blades fastened to the 
casing of the turbine unit guide the working medium onto the 
moving blades fastened to the rotor, so that said moving blades 
20 set the rotor in a rotary movement. The rotational energy thus 
absorbed is then converted into electrical energy by the 
generator coupled to the rotor. Furthermore, it is used for 
driving the compressor. 

25 WO 00/28190 discloses a gas turbine having a compressor, the 
rotor of which is displaced against the ^direction of flow of 
the working medium in order to set the radial gap which is 
formed between the tips of the turbine moving blades and the 
inner casing. In the process, the radial gaps of the turbine 

30 unit are reduced, which leads to a substantial reduction in the 
flow losses in the turbine unit and therefore to an increase in 
the efficiency of the gas turbine. At the same time, the radial 
gaps in the compressor are increased, which increases the flow 
losses in the 
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compressor. Despite the losses in the compressor, the 
displacement of the rotor leads to an increase in the output of 
the gas turbine . 

5 Furthermore, US 5,056,986 discloses a gas turbine having a 
compressor in which rings of guide blades and moving blades are 
alternately arranged one behind the other. The guide blades are 
secured on the tip side in a fastening ring enclosing the 
rotor, and the moving blades are each provided with shroud 
10 bands which form a shroud-band ring on the tip side, this 
shroud-band ring being opposite the casing, with a radial gap 
being formed. In this case, the radial gaps run parallel to the 
rotation axis. 

15 The object of the present invention is to specify a 
turbomachine having an axial ly displaceable rotor, the flow 
losses of which are at least not increased during an axial 
displacement of the rotor. 

20 This object is achieved by the features of claim 1. 
Advantageous configurations are specified in the subclaims. 

The solution of the object makes provision for the size of each 
radial gap between the end of each exposed moving or guide 

25 blade and the opposite axial section of the boundary surface to 
be constant at least over the displacement distance of the , 
rotor, and for the radial gap to run parallel to the rotation 
axis of the rotor. The solution in this case is based on the 
knowledge that the flow losses during a displacement of the 

30 rotor are not increased if the radial gap between fixed and 
rotating components remains constant over the displacement 
distance of the rotor. To this end, in the flow duct, 
components forming the radial gap, such as the end of a moving 
or guide blade and the boundary or guide surface opposite it , 

35 are formed parallel to the rotation axis of the rotor. During a 
displacement of the rotor in the axial direction, 
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the size of each radial gap therefore remains constant. This is 
advantageous in particular for a flow duct of a compressor of a 
gas turbine. 

5 The previous restriction in which the axial contour shape, 
formed by the inner and outer guide surfaces, of a flow duct 
was designed and formed according to purely aerodynamic 
requirements has therefore been averted. The flow duct 
according to the invention has now been designed in accordance 
10 with the new requirement - the displaceability of the rotor 
when using exposed blading. 

In an advantageous development, the outer guide surface for the 
flow medium is formed at least partly by the top side of the 
15 platforms of the guide blades, this top side facing the guide 
profile. This ensures that the flow medium is guided by the 
platforms of the guide blades. 

In a further configuration, the inner guide surface is formed 
20 at least partly by the top side of the platforms of the moving 
blades, this top side facing the moving profile. The flow 
medium is therefore guided by the inner guide surface. 

If the top sides of the platforms of the moving and guide 
25 blades, respectively, are inclined in the axial direction 
relative to the displacement direction, the requisite narrowing 
of the flow duct in the axial direction at the fixed ends of 
the moving and guide blades, respectively, is thus effected. 
There is no radial gap at this location, the size of which 
30 would change on account of the displacement of the rotor. 

An advantageous measure proposes that, in the axial sections in 
which guide profiles are arranged, the inner guide surface run 
cylindrically and the outer guide surface run inclined, in 
35 particular conically, relative to the rotation 
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axis. For the section considered, i.e. for the guide-blade 
ring, the change in the cross section of flow of the flow duct, 
which change is necessary for the turbomachine, is therefore 
effected in each case only on that boundary side of the flow 
5 duct at which no radial gaps exist. 

The same applies to the advantageous configuration of a moving- 
blade ring, in which, in the axial sections in which moving 
profiles are arranged, the outer guide surface runs 

10 cylindrically and the inner guide surface runs inclined, in 
particular conically, relative to the rotation axis. In this 
case, the expression "an inclined guide surface" refers to the 
fact that the guide surface deviating from the cylindrical 
shape forms the cross section of the flow duct in a diverging 

15 or converging manner in the axial direction. 

The alternating arrangement of the above -de signed guide-blade 
rings and moving-blade rings in a row is especially preferred, 
so that both the inner and the outer guide surface in each case 

20 have a "wavelike" contour shape in the axial direction, i.e. 
inclined and cylindrical contours of the guide surfaces 
alternate in the axial direction, in each case an inclined 
contour being located opposite inside a section of a 
cylindrical contour, and vice versa. This leads to a respective 

25 alternating change in the inner and outer guide surfaces of the 
flow duct. In particular, this configuration avoids the purely 
aerodynamic design of the flow duct. 

Especially advantageous is the configuration in which the outer 
30 guide surface and that section of the outer guide surface which 
extends in the axial direction and which is opposite the ends 
of the moving blade of a moving-blade ring are formed by means 
of a guide ring. A simple and cost-effective configuration is 
therefore possible . 
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In an especially advantageous manner, the turbomachine is designed 
as an axial-flow compressor of a gas turbine. The axial 
displacement of the rotor against the direction of flow of the 
flow medium leads in the turbine unit to radial gaps which become 
smaller and increase the efficiency, whereas the radial gaps in 
the compressor remain constant. Flow losses in the compressor are 
therefore kept constant despite the displacement of the common 
rotor. In general, this leads to a further increase in the power 
output, compared with that of the prior art. 

The invention is explained with reference to drawings, in 
which: 

fig. 1 shows a gas turbine in a longitudinal partial section, 

fig. 2 shows a section of a cylindrical contour of a flow 

duct of a compressor, 

fig. 3 shows the contour of the flow duct according to fig. 2 
20 with an axially displaced rotor, 

fig. 4 shows the contour of a flow duct of a further 

compressor . 

25 Fig. 1 shows a gas turbine 1 in a longitudinal partial section. 
In the interior, it has a rotor 3 which is rotatably mounted 
about a rotation axis 2 and is also referred to as turbine 
rotor or rotor shaft. Following one another along the rotor 3 
are an intake casing 4, a compressor 5, a torus -like annular 

30 combustion chamber 6 having a plurality of coaxial ly arranged 
burners 7, a turbine unit 8 and the exhaust -gas casing 9. 

Provided in the compressor 5 is an annular compressor duct 10 
which narrows in cross section in the direction of the annular 
35 combustion chamber 6. Arranged at the combustion-chamber-side 
outlet of the compressor 
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. 5 is a diffuser 11, which is fluidically connected to the 
annular combustion chamber 6 . The annular combustion chamber 6 
forms a combustion space 12 for a mixture of fuel and 
compressed air. A hot -gas duct 13 arranged in the turbine unit 
5 8 is fluidically connected to the combustion space 12, the 
exhaust-gas casing 9 being arranged downstream of the hot-gas 
duct 13 . 

Respective blade rings are arranged in the compressor duct 10 
10 and in the hot-gas duct 13. In each case a moving-blade ring 17 
formed from moving blades 16 alternately follows a guide-blade 
ring 15 formed from guide blades 14. The fixed guide blades 14 
are in this case connected to one or more guide-blade carriers 
18, whereas the moving blades 16 are fastened to the rotor 3 by 
15 means of a disc 19. 

The turbine unit 8 has a conically widening hot-gas duct 13, 
the outer guide surface 21 of which widens concentrically in 
the direction of flow of the working fluid 20. The inner guide 
20 surface 22, on the other hand, is oriented essentially parallel 
to the rotation axis 2 of the rotor 3. At their free ends, the 
moving blades 16 have grazing edges 29, which form a radial gap 
23 with the outer guide surfaces 21 opposite them. 

25 During operation of the gas turbine 1, air is drawn in from the 
compressor 5 through the intake casing 4 and is compressed in 
the compressor duct 10. The air L provided at the burner-side 
end of the compressor 5 is directed through the diffuser 11 to 
the burners 7 and is mixed there with a fuel. The mixture is 

30 then burned, with a working fluid 20 being formed in the 
combustion space 12. The working fluid 20 flows from there into 
the hot-gas duct 13. At the moving blades 16 arranged in the 
turbine unit 8, the working fluid expands in an impulse- 
transmitting manner, so that the rotor 3 is driven together 

35 with a driven machine (not shown) coupled to it. 
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An inlet- side compressor bearing 32 serves, in addition to the 
axial and radial mounting, as an adjusting device for a 
displacement of the rotor. In this case, in order to increase 
the output of the gas turbine 1, the rotor 3, in the steady 

5 state, is displaced, to the left in fig. 1, from an initial 
position into a steady operating position against the direction 
of flow of the working fluid 20. As a result, the radial gap 23 
formed in the turbine unit 8 by moving blades 16 and the outer 
guide surface 21 is reduced. This leads to a reduction in the 

10 flow losses in the turbine unit 8 and therefore to an increase 
in the efficiency of the gas turbine 1. 

A section of the annular duct of the compressor 5 with two 
moving-blade rings 17 and with a guide -blade ring 15 arranged 
15 in between is shown in fig. 2. The annular duct is in this case 
designed as a flow duct 24 for air as the flow medium 26. In 
fig. 2 and fig. 3, the outer guide surface 21 is identical to 
the outer boundary surface 3 7 and the inner guide surface 22 is 
identical to the inner boundary surface 36. 

20 

In fig. 2, the rotor 3 is in its initial position. The guide 
blades 14 and the guide-blade ring 15 are fastened to an 
external wall, whereas the moving blades 16 are arranged on the 
rotor 3 of the compressor 5. At its fixed end, each moving 

25 blade 16 has a respective platform 25, the surfaces of which 
define the compressor duct 10 on the inside. Likewise, each 
guide blade 14, at its fixed end, has a platform 25, which 
defines the compressor duct 10 on the outside. Extending from 
the platform 25 of the moving blade 16 (or of the guide blade 

30 14) into the compressor duct 10 is a moving profile 27 (or 
respectively a guide profile 28) which compresses the air L 
during operation of the compressor 5. The free* ends of the 
moving and guide profiles 27, 28, respectively, which free ends 
are opposite the platf orm-side ends, are designed as grazing 

35 edges 2 9 and are 
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opposite respective guide rings 30, with the radial gap 23 
being formed. 

As viewed in the axial direction, the radial gap 23 is in each 
5 case oriented parallel to the rotation axis 2 in one section, 
i.e. the axial length of a blade ring including a displacement 
distance V explained later, i.e. the guide ring 3 0 and the 
grazing edge 29 extend cylindrically relative to the rotation 
axis 2. On the other hand, the platforms 25 arranged in the 

10 section are each inclined relative to the rotation axis 2 of 
the rotor 3, so that the flow duct 24 narrows as viewed in the 
axial direction. A cylindrical contour of the flow duct 24 is 
obtained in the regions of the radially opposite fixed and 
rotating components, which as viewed in the axial direction lie 

15 in sections and in the radial direction lie inside and 
respectively outside the guide profiles and moving profiles, 
respectively. In the axial direction, therefore, both the outer 
guide surface 21 and the inner guide surface 22 alternately run 
cylindrically and in such a way as to be inclined relative to 

20 the rotation axis 2 of the rotor 3, the cylindrical guide 
surface 21, 22 in each case being opposite an inclined guide 
surface 21, 22 as viewed in the radial direction of the rotor 3. 

In fig. 3, the rotor 3 is displaced into its steady operating 
25 position relative to the rotationally fixed components of the 
gas turbine 1 against the direction of flow of the flow medium 
26. For comparison, its initial position is indicated in broken 
lines. Despite the displacement of the rotor 3, the size of the 
radial gap 23 remains constant, so that the flow losses in the 
30 compressor 5 are not increased. To this end, the guide ring 3 0 
and the grazing edge 29 are formed parallel to the rotation 
axis 2 of the rotor over the axial length of a section A. In 
this case, the section A is composed of the axial length of the 
grazing edges 2 9 and the axial displacement distance V. 
35 Compared with the solution in the prior art, the novel solution 
leads to a further increase in the output 
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of the gas turbine 1, since the losses arising in the 
compressor 5 have remained constant with the displacement of 
the rotor 3 . 

5 Fig. 4 shows a detail of the flow duct 2 6 of the compressor 3 
in which each guide blade 14 has a respective second platform 
31 at its end facing the rotor 3. In this case, the further 
platforms 31 of the guide blades 14 of the guide-blade ring 15 
form a ring enclosing the rotor 3 . Those surfaces of the 

10 further platforms 31 which face the guide profile 28 form the 
inner guide surface 22 for the flow medium 26. A rear side 34, 
facing away from the guide surfaces 22, of the platform 31 is 
opposite a boundary surface 36. The radial gap 23 running 
parallel to the rotation axis 2 is formed between the rear side 

15 34 of the platform 31 and the boundary surface 36. 

The moving blades 16 are fastened to the discs 19 of the rotor 
3. In this case, between the running profile 27 and the disc 
19, the moving blades 16 have platforms 25, the surfaces of 

20 which face the moving profile 27. They are designed as inner 
guide surfaces 22 and at the same time as boundary surfaces 3 6 
for the compressor duct 10 and define the flow duct 24. At 
their free ends, each moving profile 2 7 has further platforms 
31, whose surface facing the moving profile 27 form, as inner 

25 guide surfaces 22, the flow duct 24. On their rear side 34 
opposite the guide surface 21, 22, the further platforms 31 
have a respective circumferential surface which is opposite the 
boundary surface 36 of the annular duct 10. As a result, the 
radial gap 23 is formed here between the inner boundary surface 

30 36 and the inner guide surface 22, this radial gap, as viewed 
in the axial direction, running parallel to the rotation axis 2 
of the rotor 3. Arranged in the radial gap 23 is a respective 
labyrinth seal 38 which prevents the flow losses in the flow 
medium 26. 

\ 
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If further platforms 31 are provided at the ends of the guide 
blades 14 and moving blades 16, respectively, the guide 
surfaces 21, 22 no longer need to be formed cylindrically 
relative to the rotation axis 2, since they do not define the 
5 radial gap 23 . Only the rear side 34 of the further platforms 
31 must be formed cylindrically here, so that the radial gap 23 
remains constant during the displacement of the rotor 3 . 

Also conceivable is a flow duct 24 in which guide blades 14 
10 having further platforms 31 form a guide-blade ring 15, 
following which is a moving-blade ring 17 having exposed moving 
blades 16. 



